Introduction 2 3
The biological reserve of La Tillaie (Fontainebleau forest, 50 km south of Paris) has been studied by 4 many scientists working on vegetation (Pontailler 1979 canopy on the development of common beech (Fagus sylvatica) seedlings and saplings was 8 established by Pontailler (1979) and his results were used to understand renewal of the beech 9 ecosystem, confirming observations by Watt (1923) on British beech woods. Nevertheless work 10 recently done on this site indicated that seedlings (2-yr-old) and reacted in a quite different way than 11 young saplings (5-yr-old) to light conditions (Peltier et al. 1997 Maryland) were used to describe the underlying A horizon at three different depths (3, 6, and 9 cm). 3
The use of these charts allows to quantify three distinct features. The colour index, varying from 7.5 YR 4 to 10 YR in the studied sample, indicates the passage from red to yellow in the yellow-red range, the 5 red colour being mainly due to iron staining. The value index, varying from 3 to 6 in the studied sample, 6 increases when the A horizon becomes lighter, which is mainly due to a decrease in the content of 7 dark humified organic matter. The chroma index, varying from 0 to 8, increases when the colour 8 becomes brighter. Thus the colour of the A horizon can be quantified by three independent 9 measurements. Variations of these morphological features according to depth were assessed by 10 measuring Munsell parameters at three different depths. This method was thought to give more 11 reliable information about humus condition than humus form, which varies from mull to moder in the 12 studied sample. Nevertheless, when necessary, reference will be made in the discussion to humus Data were analysed by correspondence analysis, a multivariate method using the chi-square 26 distance (Greenacre 1984) to order data points (here saplings, morphological and environmental 27 parameters) in a multi-dimensional mathematical space. After calculation of eigenvalues of the chi-28 square distance matrix, the cloud of data points was projected in the space determined by the higher 29 eigenvalues (first factorial axes). Correspondence analysis allows simultaneous projection of rows and 30 columns of the data matrix in the space defined by the factorial axes. Morphological parameters (Table1) were used as active variables (contributing to factorial axes) and environmental parameters (Table  1 2) as passive ones (projected as if they had participated but without any influence on the factorial 2 axes). Variables (active and passive) were transformed previous to analysis by reweighting projected as points in the plane of the first two axes of correspondence analysis, which extracted 26% 18 and 8% of the total variance, respectively (Fig. 1) . The most striking differences between saplings 19 could be attributed to their size, this effect being reflected by axis 1. On the negative side of this axis 20
were placed large saplings (1+, 21+, 7+ to 11+, 4+ to 6+), with a high number of leaves (17+), and 21 deep rooting (22+). These saplings were opposed to small ones, with opposite features. features associated with axis 1 of correspondence analysis were well-reflected in this analysis, except 1 for stem diameters of the first (7) and fifth (11) years, and annual growth increments of the third (4) and 2 fourth (5) years which did not prove significantly different between these two groups. 3 4 Other important variation in sapling morphology was reflected in axis 2 of correspondence 5 analysis ( Fig. 1) . Saplings on the positive (upper) side of axis 2 were poorly ramified (20-), with a low 6 shoot/root ratio (34-), thin leaves (18-), but deeply rooted (22+, 24+ to 30+), with a high rate of 7 mycorrhization (31+, 32+), and little deformation of root apices (33-). These features indicated a strong 8 development of subterranean parts compared to aerial parts. Opposite features were shared by 9 saplings placed on the negative (lower) side of axis 2. Thus the former group seemed more firmly 10 established (better development of the root system) than the latter one, independently of sapling size. 11
12
Environmental variables with high positive loadings on axis 2 were incident light during morning 13 hours, i.e. from sunset to 10.30 AM (R, S), ground vegetation (W), thickness of the OL horizon (A), and 14 darkness of the A horizon at 9 cm depth (F). These features did not seem directly associated with the 15 degree of opening (U, V). The relationships between incident light coming from south-east (7.30 to 16 10.30 AM) and morphology of saplings were tested by help of analysis of variance (Table 4) . This 17 showed a significant decrease in the rooting depth and length of deep lateral roots, the rate of 18 mycorrhization by Cenococcum geophilum, and an increase in the deformation of root apices when 19 some incident light comes from south-east (irrespective of other hours of light), but no significant 20 differences in aerial parts or shoot/root ratio. The most striking effect of environmental conditions on the development of beech saplings in our study 30 is the relationship between humus condition and sapling size (both aerial and subterranean parts), 5yr-old beech saplings being large only when A and OF horizons are rich in organic matter. Less striking 1 but apparent is the relationship between light conditions (incident light during the morning) and the 2 development of the rooting system, shallower rooting and lower rate of mycorrhization by Cenococcum 3 geophilum being associated with the occurrence of incident light during the morning, irrespective of 4 light conditions during the rest of the day. 5
6
In a study performed 20 years before on the same site, Pontailler (1979) found bigger 5-yr-old 7 saplings in open than in shade conditions. In our sample, no significant relationship is found between 8 canopy aperture and total light availability, and sapling size. Only incident light during morning hours 9 (until 10.30 AM, solar time) seems to have a relationship with the rooting system, in particular rooting 10 depth. On the other hand sapling size is strongly related to humus condition. Reasons for this apparent 11 discrepancy may be that Pontailler (1979) affected by humus condition, although they strongly contributed to the biomass of aerial parts, and 18 followed it along axis 1 of correspondence analysis (Fig. 1) . The fact that the total biomass of aerial 19 parts was significantly affected by humus condition, together with stem increment of the 5 th year, 20
indicates that regrowth during the 5 th year smoothed out individual differences due to casual events. places with lower biological activity in the A horizon (slower disappearance of humified organic matter). 27
We will, nevertheless, emphasize that no sapling was found in places with a well-developed OH 28 horizon (dysmoder humus form), i.e. at the lowest level of biological activity in the study site (Ponge & 
